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We examined the independent association between moderate-to-vigorous physical activity (MVPA) and insulin resistance (IR)
among obese Latino children (N = 113; 7–15 years) who were enrolled in a community-based obesity intervention. Baseline
information on physical activity was gathered by self-report. Clinical assessments of body composition, resting energy expenditure
(REE), as well as glucose and insulin responses to an oral glucose tolerance test (OGTT) were performed after an overnight fast.
Insulin resistance was deﬁned as a 2 h insulin concentration >57μU·mL−1. We observed that those obese children who met the
2008 Guidelines for MVPA (≥60min/day) experienced a signiﬁcantly lower odds of IR compared with those not meeting the
Guidelines (OR = 0.29; 95%CI: (0.10–0.92)) and these ﬁndings were independent of age, sex, pubertal stage, acculturation,
fasting insulin, and 2 h glucose concentrations. Eﬀorts to promote 60 min or more of daily MVPA among children from ethnic
minority and high-risk communities should assume primary public health importance.
1.Introduction
Childhood obesity has reached epidemic proportions in the
United States, with 32 percent of children and adolescents
deﬁned as either overweight or obese [1]. Among Latino
American children and adolescents, the prevalence and com-
plications of obesity are even higher compared with children
of other racial and ethnic identity [1]. This issue has sub-
stantial public health relevance as Hispanics are the largest
and fastest growing ethnic minority in the United States,
and data suggest that 85% of overweight youth will remain
overweight as adults [2]. The reason behind this observed
racial/ethnic disparity in obesity is not clear. Potential
explanations include: (1) biological diﬀerences in the sus-
ceptibility or resistance to weight gain; (2) diﬀerences in
metabolic/mechanical eﬃciency; (3) sociocultural diﬀer-
ences in lifestyle factors (such as dietary composition or par-
ticipation in physical activities); or (4) environmental factors
such as access to preventive or treatment programs [3–6].
Obesity is commonly accompanied by insulin resistance,
which precedes and plays a major role in the etiology
of the metabolic syndrome, type 2 diabetes mellitus and
subsequent cardiovascular disease [7–11]. Among US adults
and adolescents, Latinos have the highest prevalence of the
metabolic syndrome [12], and more recent reports indicate
an increasing incidence of type 2 diabetes among obese
Latino American, African American, and Native American
adolescents [13].
Sedentary behavior is associated with both the risk of
obesity and of insulin resistance [14–16], and there are
data to suggest that the prevalence of sedentary behaviors
is higher among children from less-represented minority
groups [3, 4, 17–19]. In an eﬀort to reduce physical
inactivity in children, the United States Public Health Service
(USPHS) 2008 Physical Activity Guidelines for Americans
recommends a minimum of 60min·day−1 of moderate-to-
vigorous physical activity (MVPA: e.g., bicycle riding, skate
boarding, soccer, jump roping). Unfortunately, the majority2 Journal of Obesity
of children and adolescents do not meet these recommen-
dations [20]. Furthermore, there are now data in adults
conﬁrming the distinct contributions of physical activity
and sedentary behavior to the development of obesity and
metabolic impairments [21]; whether this remains so among
children, however, is not clear.
Few studies have examined the associations among phys-
ical activity, sedentary behavior, body composition, and
metabolic markers in deﬁned samples of Latino children.
Moreover,determiningtheinterrelatednessofthesefactorsis
complicated by the fact that obesity lies in the biologic path-
way between MVPA or sedentary behavior and metabolic
risk, thereby minimizing the true magnitude of contribution
from these lifestyle behaviors. We studied cross-sectionally a
sample of obese Latino children in order to determine the
independent contributions of MVPA and sedentary behav-
iorsontheoddsofinsulinresistance(IR)overandabovethat
of obesity. We hypothesized that obese children reporting
more MVPA will have a lower odds of IR compared with
their less active counterparts; however, the magnitude of
this association would be mediated by obesity and other
risk factors in the biological pathway between obesity and
insulin resistance (e.g., sedentary behavior, glucose, and
fasting insulin concentrations).
2. Methods
2.1. Subjects. Participants were 113 Latino youth (58 boys
and 55 girls), ages of 7–15 years enrolled in a compre-
hensive community-based obesity intervention program.
Participants were recruited through advertisements placed at
community facilities such as clinics, schools, and churches
in Washington, DC, USA. To avoid selection biases from
large families, as well as correlated reporting biases within
families, only one child from each family was permitted to
participate in the study. Eligibility requirements included
Latino ethnicity (as determined by the parent’s identifying
themselves, their spouses, and both sets of grandparents
within the Hispanic or Latino cultural group), a body mass
index (BMI) ≥ 95th percentile for age and sex, and otherwise
good health. Children who were chronically ill and/or with
known medical conditions such as type 2 diabetes, pervasive
development delay, cerebral palsy, severe asthma, Cush-
ing syndrome, obesity-associated genetic syndrome (e.g.,
Prader-Willi syndrome), or untreated hypothyroidism were
excluded from study. All study procedures were approved
by the Institutional Review Board of Children’s National
Medical Center (CNMC), and parents provided informed
written consent, while the children provided signed assent
prior to their participation. All data were collected at one
baseline visit prior to participation in the comprehensive
treatment program. On the day of testing, participants were
admitted to the General Clinical Research Center (GCRC) at
CNMC at 07:00 following a 12 hr overnight fast.
2.2. Anthropometry. Body weight was measured on a digital
scale (Healthometer, Bridgeview, IL, USA) with the partic-
ipant in underwear and a hospital gown, while height was
measured using a wall-mounted stadiometer (SECA 216,
Hanover, MD, USA). The body mass index (BMI) was then
calculated as weight (kg)·height (m)−2. Waist circumference
was measured in triplicate at the umbilicus using a non-
elastic tape measure to the nearest 0.1 centimeter. Total body
fat mass (kg; %) and fat-free mass (kg) were determined
by air displacement plethysmography (Life Measurement
Inc., Concord, CA, USA) according to methods previously
described [22]. Pubertal stage was determined by a pediatri-
cianseparatelyforboysandgirls,andchildrenwereclassiﬁed
as prepubertal (Tanner stage 1); mid prepubertal (Tanner
stage 2); or late prepubertal (Tanner stage 3).
2.3. Indirect Calorimetry. Resting energy expenditure (REE)
was measured using an open-circuit indirect computerized
calorimeter equipped with a mask (Sensor Medics, Yorba
Linda, CA, and Ultima CardiO2 system, Medical Graphics
Corporation, St. Paul, MN, USA). All calibration procedures
were performed to manufacturer speciﬁcations prior to
testing each morning, including manual ﬂow calibrations
using a 3L syringe and gas calibration with gases of known
concentration. The REE measurement was performed in a
quiet, thermoneutral room. All measurements were done
after a 20-minute rest period. Participants were measured at
rest in a supine position for a total of 30 minutes including
a 5-minute acclimation period. Data collected during the
initial ﬁve minutes of testing were excluded from the total
30-minute test period to allow for an adjustment period
to the test conditions. Measurements were recorded at 1
minute intervals and then averaged over the remainder
of the test period to obtain a measure of REE that was
adjusted for body weight (kg). The respiratory exchange
ratio (RER = vCO2/vO2) was also determined at 1-min
intervals and averaged over the test period. The RER under
fasting conditions provides an indirect measure of metabolic
ﬂexibility. Values of the RER closer to 0.70 indicate a greater
reliance on fat (relative to glucose) oxidation, while values
closer to 1.00 indicate greater glucose oxidation.
2.4. Oral Glucose Tolerance Test. A 2-hour oral glucose toler-
ance test was performed using the protocol described by the
World Health Organization [23]. Fasting blood samples were
collected from an antecubital vein for the determination of
basal glucose, insulin, and free fatty acids (FFAs) concen-
trations. Participants were then given oral glucose drink
(1.75gm·kg−1 (body weight) of glucose with a maximum of
75gm) to consume within 2-3min. At 120 min after chal-
lenge, the blood sampling was repeated. Blood samples were
placed in prechilled tubes and then were centrifuged at 4◦C.
Plasma was stored at −70◦C until analyzed in the Core Lab-
oratory of CNMC. Serum insulin concentrations were deter-
mined by a solid-phase, 2-site chemiluminescent immuno-
metric assay (Immulite 2000 Analyzer, Diagnostic Products,
Los Angeles, CA, USA). Plasma glucose levels were deter-
mined using the hexokinase-glucose-6-phosphate dehydro-
genase method (Dade Behring Inc, Deerﬁeld, IL, USA).
Plasma concentrations of FFF were determined using stan-
dard microﬂourimetric procedures (Sigma; St. Louis, MO,
USA).Journal of Obesity 3
Insulin sensitivity was calculated using the whole-body
insulin sensitivity index (WBISI = 10,000/
√
((fasting glu-
cose (mg·dL−1) × fasting insulin (μU·mL−1)) × (average
glucose × average insulin))), which has been validated in
children and adolescents [24]. The WBISI has demonstrated
excellent correlation with clamp-derived insulin sensitivity
estimates in children and adolescents and with intramyocel-
lular lipid content, a tissue marker for insulin resistance [24].
We also considered the 2 h postchallenge insulin concen-
trationasanindicatorofinsulinaction.Postchallengeinsulin
concentrations correlated strongly with the WBISI (r =
−0.81; P<0.0001) and is easier to interpret compared with
the WBISI. There currently exist no evidence-based cut-
points for deﬁning insulin resistance in children. Therefore,
in order to determine the odds of insulin resistance (IR)
associated with physical activity in these obese children,
those with a 2 hr postchallenge insulin concentration >
57μU·mL−1 were characterized as IR; otherwise they were
considered not insulin resistant. This postchallenge insulin
concentration corresponds to a Homeostatic Model Assess-
ment (HOMA-IR = (fasting glucose × 0.056) × (fasting
insulin/22.1)) [25]v a l u eo f>2.5, which is a clinical cut-point
often used to characterize insulin resistance in children [26].
2.5. Physical Activity and Sedentary Behavior. Children com-
pleted the Activity and Sedentary Behavior Questionnaire
(ASBQ), which comprised questions from the validated
2001 Youth Risk Behavior Survey and the World Health
Organization Study of Health Behavior of School Children
Survey [5]. The ASBQ queried both the frequency and
duration of moderate-to-vigorous physical activity acquired
through organized sport, informal recreational pursuits, and
physical education class. In addition, the ASBQ contained
questions about time per day watching television and at
the computer. All questions contained categorical responses,
which were scored on an ordinal scale. Two indices were
then calculated by multiplying the frequency score by the
duration score for these activities: (1) moderate-vigorous
physical activity (MVPA) Index, with scores that ranged from
0 to 150; (2) sedentary index (SI)—which was derived from
questions pertaining to TV viewing and computer time—
with scores ranging from 0 to 150. Physical education (PE)
volume was derived by multiplying reported frequency by
duration of weekly PE class resulting in scores ranging from
0 to 300min·wk−1. To address the aims of the 2008 Physical
Activity Guidelines, the MVPA index was then dichotomized
based on a volume of MVPA that did or did not meet those
Guidelines for moderate-to-vigorous physical activity (every
day for 60min or more).
2.6. Acculturation. Level of acculturation is an important
confounder of the associations among physical activity,
obesity and diabetes risk [27]. To assess this important
study variable, mothers answered questions (administered
in Spanish by a ﬂuently bilingual trained research assistant)
derived from the Bicultural Involvement Questionnaire [28].
Acculturationwasmeasuredvia17itemsassessingconstructs
of linguistic ﬂuency and comfort level in Spanish and in
English; language use at home, and with work and friends;
preferences in music, books, magazines and visual media.
Each of the items was scored on a scale with a maximum
s c o r eo f4f o r1 4i t e m s ,o f3f o rt w oi t e m s ,a n do f5f o r
one item. Individual scores were then summed over all items
to create a total score. Total scale scores ranged from 17
to 67, with higher scores reﬂecting greater acculturation to
American culture. In the current study, the acculturation
scale demonstrated adequate internal consistency (α = .77).
2.7. Statistical Analyses. Descriptive statistics (mean ± SD;
frequencies (%)) were generated on all study variables
according to those who were and who were not IR. Between-
group diﬀerences in mean levels of the study variables were
tested using t-tests for independent samples, while the chi-
square statistic tested associations between categorical vari-
ablefrequenciesandIRstatus.Studyvariablesdemonstrating
a statistically signiﬁcant association with IR status in the
bivariable analysis were then entered into a multivariable
logistic regression model in order to determine their inde-
pendent contribution to the odds of insulin resistance. The
variables age, sex, pubertal status, and acculturation were
forced into this model. The regression model was then run
backward, with those variables demonstrating an alpha level
of 0.10 or greater eliminated from the model.
Parameter estimates, as well as adjusted odds ratios
(ORs)and95%conﬁdenceintervals(CI)arereportedforthe
ﬁnal regression model. Because our primary study variables
(MVPAandsedentarybehavior)wereordinalindices,theOR
represents the increase (or decrease) in the odds of IR for
each unit increase of the given index. The odds of IR among
children meeting the 2008 MVPA Guidelines were compared
with the odds of children who did not (the referent group).
3. Results
Study characteristics according to IR status are presented
in Table 1. As indicated, subjects with and without IR were
similar with regard to age, BMI, fat mass, and percent body
fat and Tanner score. Girls tended to have a slightly higher
prevalence of IR (0.56) compared with boys (0.44) (P =
0.13), and those with IR also tended to have a higher Z-score
for waist circumference (0.33). Fasting RER was comparable
between the groups; however, it is worth noting that it was
high in both groups, suggesting some degree of metabolic
inﬂexibility among these obese children. Weight-adjusted
REE was signiﬁcantly lower (P<0.01) and acculturation
score was signiﬁcantly higher (P<0.05) in those children
with IR, compared with those without IR.
FastingglucoseandFFAconcentrationswerenodiﬀerent
between study groups; however, fasting insulin and 2 h
glucose levels were signiﬁcantly greater (P<0.01) in the
children with IR compared with those without it (Table 2).
As expected, insulin sensitivity, based on the WBISI, was
markedly lower (P<0.001) and 2 h insulin concentrations
substantially higher (P<0.001) in those children who were
deﬁned as IR compared with those who were not. Of note
is the observation that both groups of children were able to
maintainnormalglucosetolerancebasedonafastingglucose
concentration criterion of <100mg·dL−1.4 Journal of Obesity
Table 1: Subject characteristics.
Insulin sensitive
(n = 53)
Insulin resistant∗
(n = 61)
Age (y) 11 ±21 2 ±2
Sex (% male) 58 44
BMI (kg/m2)2 9 .3 ±5.45 31.0 ±4.9
Fat mass (kg) 30.0 ±11.63 2 .2 ±10.0
Body fat (%) 42.2 ±5.74 3 .3 ±5.5
Waist circ. (Z score) 1.46 ±0.65 1.58 ±0.64
Tanner score 2 2
REE (kcal/kg) 35.7 ±16.42 9 .2 ±11.7a
Fasting RER 0.86 ±0.07 0.88 ±0.07
Acculturation score 32 ±73 5 ±7b
∗Based on a 2 h postchallenge insulin concentration greater than 64μU/mL
(median value); aP<0.01; bP<0.05. BMI: body mass index; body fat
determined by DXA; A Tanner score of 2: mid prepubertal; REE: resting
energy expenditure; RER: respiratory exchange ratio.
Table 2: Metabolic response characteristics to the OGTT.
Insulin sensitive
(n = 53)
Insulin resistant
(n = 61)
Fasting glucose (mg·dL−1)8 3 .5 ±5.88 5 .7 ±12.1
2hg l u c o s e( m g ·dL−1) 102.1 ±19.7 118.4 ±30.2∗
Fasting insulin (μU·mL−1)1 2 .0 ±8.92 1 .5 ±13.5∗∗
Fasting FFA (μmol·L−1)0 .72 ±0.28 0.67 ±0.28
WBISI 10.6 ±8.23 .7 ±2.2∗∗
2 h insulin (μU·mL−1)2 9 .8 ±16.1 133.4 ±83.8∗∗
OGTT: oral glucose tolerance test; ∗P<0.01; ∗∗P<0.001; WBISI: whole-
body insulin sensitivity index.
Reported sedentary behavior was similar between groups
(SI = 10.5 ±6.2v e r s u s1 0 .9 ±6.5 for those with and without
IR,resp.;P = 0.75;Figure 1).Incontrast,thereportedMVPA
index was signiﬁcantly lower among those characterized
as insulin resistant compared with who were not (MVPA
index = 14.8 ± 18.4v e r s u s2 4 .9 ± 32.1, resp.; P<0.05).
Participationinphysicaleducationtendedtobeloweramong
those children with IR compared with those without it
(PE volume = 73.7±74.3v e rs us80.0±79.6min·wk−1,r esp .;
P = 0.06). Only 18% of the participants met the USPHA
g u i d e l i n e sf o r6 0m i no rm o r eo fM V P Ao nm o s td a y so ft h e
week. Those who met the guidelines had an MVPA index
score of 58.6 ± 31.7, compared with a score of 8.3 ± 6.9
among those who did not (P<0.001). We observed a strong
unadjusted association between meeting those guidelines
and protection from insulin resistance (OR = 0.28; P<
0.01).
Study variables that were statistically signiﬁcant in the
bivariable analysis were then entered in a stepwise multivari-
able logistic regression model to determine their indepen-
dent contribution to the odds of IR. These variables were
MVPA, as well as fasting insulin, 2 h glucose concentrations,
REE,andacculturationscore.Thevariablesage,sex,pubertal
status, and waist circumference were also included due to
their reported association with IR in the literature. The
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Figure 1: Mean (±SEM) values for the sedentary and MVPA
indicesandPEvolumebetweenobesechildrenwith(solidbars)and
without (striped bars) insulin resistance.
Table 3: Parameter estimates∗ from the ﬁnal logistic regression
modeling (N = 113).
Estimate P value OR 95% CI
MVPA −1.247 0.035 0.29 (0.10–0.92)
Fasting insulin (μU·mL−1) 0.086 0.001 1.09 (1.04–1.15)
2h rg l u c o s e( m g ·dL−1) 0.037 0.004 1.04 (1.01–1.06)
∗Estimates represent the decrease in the log odds of IR in those children
meetingthe2008GuidelinesforMVPA(≥60min/day)comparedwiththose
who did not, and the increase in the log odds of IR with each unit increase
in fasting insulin or in 2 hr glucose concentrations. Model was adjusted for
age, sex, pubertal stage, and acculturation.
MVPA index maintained marginal statistical signiﬁcance in
the multivariable model. Each unit increases in the MVPA
index lowered the odds of IR by 3% (OR = 0.97; 95% (CI:
(0.95–1.00)). We then repeated the analysis and substituted
the dichotomous MVPA variable for the MVPA index.
Parameter estimates from the ﬁnal logistic regression model
arepresentedinTable 3. Inthe presenceoftwovery powerful
correlates of insulin resistance: 2 hr postchallenge glucose
(P<0.01) and fasting insulin (P<0.001) concentrations,
MVPA maintained a signiﬁcant association with IR as those
obese children who reported enough MVPA to meet the
2008 Guidelines experienced a substantially lower odds of
IR, compared with the children who did not ((OR = 0.29;
95% CI: (0.10–0.92))). Age, sex, puberty status, REE, and
acculturation score did not remain statistically signiﬁcant in
the multivariable model.
4. Discussion
Since obesity lies along the biological pathway between
MVPA and insulin resistance, it would seem as though
the contribution of MVPA to IR would be diminished in
the presence of obesity. Similarly, the association among
the weight-adjusted REE, the RER, the waist circumference,
and IR appeared blunted in these obese children. That
we observed MVPA to be associated with the odds of IR
(independentoffastinginsulinand2hpostchallengeglucose
levels) underscores the distinct relation of muscle contrac-
tion to insulin action (via improvements in mitochondrialJournal of Obesity 5
function, insulin signaling, and glucose transport) from that
of obesity, as well as the continued importance of MVPA in
mitigating the risk of metabolic impairments with obesity.
Other research has described the beneﬁts of vigorous
activity or MVPA to IR among diverse samples of children,
and these reported beneﬁts were also independent of total or
central adiposity [29–31]. Importantly, these studies relied
on both self-report and objective measures of physical activ-
ity. Pubertal status is often implicated as an eﬀect mod-
iﬁer in the pathway toward pediatric diabetes. Previous
studies consistently report that puberty is associated with
about a 25–30% reduction in insulin sensitivity, with peak
reduction occurring at Tanner stage 3 [32]; whether this
functional impairment operates independent of accelerated
fat deposition during puberty is not clear [7]. An ample
body of evidence also supports the complicated relation
that acculturation has with physical activity, obesity, and
diabetes risk [27]. In general, a high level of acculturation
is associated with greater amounts of reported physical
activity and exercise; however, acculturation also increases
the risk of obesity and diabetes risk, presumably through
dietary changes. We did not observe an association between
acculturation and MVPA, but those with IR had a sig-
niﬁcantly higher acculturation score compared with those
without IR. This later association did not maintain statistical
signiﬁcanceinthepresenceoffastinginsulinand2hrglucose
concentrations, however.
Adolescentswatchinggreaterthantwohoursoftelevision
per day engage in signiﬁcantly less vigorous physical activity
than those who spend less time in front of the screen [33];
however,veryfewstudiesreportastrongcorrelationbetween
television viewing and total physical activity, indicating that
time engaging in one behavior does not necessarily displace
time in the other. Moreover, the small positive correlation
often reported between television viewing per se and obesity
in children has been attributed to higher caloric intake with
television viewing, rather than to lower energy expenditure
[33, 34]. We observed that reported sedentary behavior (TV
viewing and computer use time) was similar between those
with and without IR in our obese pediatric sample, and
similar to other studies [33–35], our measure of sedentary
behavior demonstrated no association with the MVPA index
(r =− 0.02; P = 0.83), to BMI (r = 0.13; P = 0.16), or to
body fat% (r = 0.17; P = 0.11). This assumes that sedentary
behavior is not suﬃciently biologically relevant to IR in the
face of pediatric obesity, or that sedentary behavior was not
measured accurately. Studies that used objective measures of
sedentary time in children [30, 35, 36] report associations
with metabolic outcomes that are distinct from those using
measures of MVPA—thereby supporting the notion that
sedentary time and MVPA are two separate behavioral and
physiologic constructs.
Among the strengths of this study was the reliance
on several clinical measures of metabolic control under
both fasting and postprandial conditions. In addition, we
believe the 2-h insulin response to an actual physiologic
challenge (the OGTT) to be a more valid indicator of insulin
resistance than a simple fasting value or the HOMA. We
note, however, the limitations inherent to a cross-sectional
analysis in that the temporal sequencing between physical
activity, attained obesity, and insulin resistance could not
be established. Indeed, there is now evidence that children
with the greatest impairments in insulin sensitivity have
the greatest susceptibility to weight gain over time [16, 37,
38] and the greatest resistance to weight loss interventions
[39, 40]. Second, we relied on a valid and widely used self-
reportedmeasureofphysicalactivityandsedentarybehavior;
yet the information bias associated with any self-reported
measure is well known. We assume, however, that the
tendency to over- or underreport MVPA was nondiﬀerential
between those with and without IR, since participants were
not aware of their 2 hr postchallenge insulin values when
answering the physical activity questions. Therefore, we are
conﬁdent that no systematic reporting bias occurred which
would have falsely inﬂated the independent contribution of
MVPA to IR risk.
These ﬁndings support the notion that even in the
presence of frank pediatric obesity, moderate-to-vigorous
physical activity conveys important beneﬁts to insulin
sensitivity—although further longitudinal evidence is neces-
sary to infer a causal relation with conﬁdence. Nonetheless,
home-, school-, and community-based programs for pro-
moting MVPA through physical education, sports, and/or
culturally appropriate physical activities should be of pri-
mary public health importance in order to protect the health
of children at risk for obesity and insulin resistance.
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